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Abstract 
We present a portable surface plasmon resonance (SPR) sensor based on spectroscopy of surface plasmons on a special 
diffractive structure. The sensor combines a microfluidic cartridge incorporating the special diffractive structure functionalized 
with DNA probes and a compact SPR reader. We apply the sensor to detection of nucleic acids employing two most common 
immobilization methods: (a) biotinylated probes immobilized using the biotin-streptavidin chemistry and (b) thiolated probes 
attached directly to the surface of the SPR sensor. It is demonstrated that both these immobilization methods allow detecting 
short nucleic acids at levels below 100 pM. 
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1. Introduction 
In the last two decades there has been a tremendous effort towards the development of optical biosensors and 
biochips worldwide. Recent advances have demonstrated that such devices hold tremendous potential for 
applications in numerous important areas including proteomics, medical diagnostics, environmental monitoring, 
food safety and security. Optical label-free affinity biosensors measure refractive index changes caused by the 
binding of interacting molecules and are typically based on interferometric transducers or transducers based on 
spectroscopy of guided modes of dielectric waveguides (resonant mirror sensor, grating coupler sensor) or metal-
dielectric waveguides. Optical biosensors based on surface plasmons propagating along metal-dielectric 
waveguides, commonly referred to as surface plasmon resonance (SPR) sensors, represent the most advanced optical 
label-free biosensor technology. Since the first demonstration of SPR method for sensing in early 1980s, SPR 
sensors have received a great deal of attention [1, 2]. SPR biosensors have become a central tool for characterizing 
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and quantifying biomolecular interactions [3] and have been also increasingly researched for bioanalytical 
applications. In the last decade, much effort has been dedicated to the development of portable SPR biosensors 
capable of detecting molecular analytes in the field [4-8]. This contribution describes a compact SPR sensor based 
on spectroscopy of surface plasmons on a special diffractive structure and demonstrates its applicability to rapid and 
sensitive detection of short nucleic acids. 
2. SPRCD sensor  
The reported SPR sensor is based on simultaneous excitation of surface plasmons and dispersion of diffracted light 
on a special diffraction grating (referred to as surface plasmon coupler and disperser - SPRCD). In the SPRCD 
sensor, polychromatic light wave is made incident onto a gold-coated diffraction grating under normal incidence. A 
portion of incident light is coupled to a surface plasmon at the surface of the grating via the second order of 
diffraction. Simultaneously, the light diffracted into the first diffraction order is dispersed into wavelength 
components which are received by different areas of an array detector (Figure 1a) [9]. This allows measuring the 
wavelength spectrum of light coupled to a surface plasmon directly and without the use of a spectrograph.  
A laboratory prototype of the SPRCD sensor has been developed. Initial version of the sensor consisted of a 
microfluidic cartridge incorporating the SPRCD structure and six microfluidic channels and a compact SPRCD 
reader [8]. Recently, capabilities of the SPRCD sensor (Figure 1b) have been further expanded. A sophisticated 
temperature control employing two Peltier elements was incorporated to suppress the effects of the ambient 
temperature on the sensor response. In addition, to ensure reproducible placement of the SPRCD cartridge in the 
reader, a motorized system for the loading of the cartridge in the SPRCD reader was developed. Upon loading, the 
cartridge is automatically connected to the fluidic system of the SPRCD reader. 
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Figure 1: a) Spectroscopy of surface plasmons using  SPRCD. b) A laboratory prototype of the compact SPRCD sensor. 
 
3. Experimental 
3.1. Immobilization of DNA probes 
DNA oligonucleotide 5´-d(CAA ACA CCA TTG TCA CAC TCC A) -3' containing SH or biotin-TEG modification 
on its 5’-end was used as a probe. The immobilization of the thiol-derivatized DNA probes to the clean SPRCD chip 
surface was performed in a special external immobilization unit using the procedure described below. Initially the 4 
μM solution of thiolated DNA probes in PBS buffer (137 mM NaCl, 1.4 mM KH2PO4, 8 mM Na2HPO4.12H2O, 2.7 
mM KCl, pH 7.4 at 25°C) was injected in the flow-cell and flowed through at a flow rate of 5 μL/min for 20 
minutes. The sensor surface was incubated in 1 μM blocking alkanethiol solution (HS-C11-(EG)2-OH) in PBS for 1 
hour. Then, the PBS buffer was injected and flowed through the microfluidic cartridge at a flow rate of 20 μL/min 
for 5 minutes. Finally, the surface was flushed with 2 mM NaOH for 5 minutes. Biotinylated DNA probes were 
attached to the sensor surface via streptavidin covalently attached to the Ȧ FDUER[\DON\OWKLRO-self-assembled 
monolayer (SAM). Preparation of SAM and in-situ immobilization of streptavidin are described in detail in Ref 
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[10]. Subsequently, the 100 nM solution of DNA probe in running buffer [10 mM Tris-HCl, 1 M NaCl, pH 7.4 at 
25°C]) was injected and flowed for 10 minutes. The surface concentration of the DNA probes was found from the 
UHVSRQVH RI WKH 635&' VHQVRU WR WKH LPPRELOL]DWLRQ RI SUREHV WR EH DSSUR[LPDWHO\ Â12 molecules/cm2. 
3.2. Detection of nucleic acids 
Prior to the detection experiment, the running buffer was flowed through the microfluidic cartridge for 10 minutes to 
create a baseline. The solution of model target (synthetic target of the sequence of mature miR-122 5´-r(UGG AGU 
GUG ACA AUG GUG UUU G)-3´) in the running buffer was injected and flowed through the microfluidic 
cartridge for 10 minutes. Then, the sensor surface was flushed with buffer for 5 minutes. The bound target 
molecules were then removed with 5-minute injection of 3% HCOOH. For each concentration, the SPRCD sensor 
response was measured on at least three chips and in two replicates. 
4. Results and discussion 
Figure 2a shows the response of the SPRCD sensor employing thiolated DNA probes to different concentrations of 
the model nucleic acid target. For concentrations higher than 50 nM, 10-minute injection of the target was sufficient 
for the sensor response to reach the equilibrium value.  
a)      b) 
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Figure 2: a) Sensor response to the binding of target of various concentration to the probes immobilized via thiol-coupling; b) Calibration curve 
of the SPRCD sensor using probes immobilized directly to the gold using thiol coupling; c) Sensor response to the binding of target of various 
concentrations to the DNA probes immobilized via the streptavidin-biotin chemistry; d) Calibration curve of the SPRCD sensor using probes 
immobilized via the streptavidin-biotin chemistry.  
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Figure 2b shows the calibration curve determined from the initial slope of the binding curve. The limit of detection 
(LOD) was calculated as a target concentration that results in the sensor response equal to three standard deviations 
RI WKH EDVHOLQH QRLVH Â-5 nm/min). The LOD was estimated to be about 80 pM. Figure 2c and d show 
sensorgrams and calibration curve obtained using the SPRCD sensor with probes immobilized via streptavidin-
biotin chemistry. As follows from Figure 2c, the observed on-rate is faster and dissociation in buffer is lower than 
those observed when using thiolated probes. This difference can be attributed to higher electrostatic repulsion of the 
target and thiolated probes, which are confined to the planar surface, compared to the probes immobilized using the 
streptavidin-biotin chemistry, which are more flexible and more evenly distributed across the sensing surface. We 
believe that this effect also contributes to the observed lower detection limit - 50 pM 
 
5. Conclusions 
We have used a recently developed compact SPRCD sensor to detect short nucleic acids. Two methods for the 
immobilization of DNA probes have been evaluated: the attachment of biotinylated probes via the streptavidin-
biotin chemistry and the immobilization of thiolated probes directly to the gold surface. It has been demonstrated 
that, in conjunction with the SPRCD sensor, both these immobilization methods allow detecting short nucleic acids 
at levels below 100 pM. 
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